Broth microdilution testing of 702 community-acquired isolates of Haemophilus influenzae from across Canada was performed with both Mueller-Hinton broth supplemented with 3% lysed horse blood broth (LHB) (BBL Microbiology Systems, Cockeysville, Md.) and haemophilus test medium (HTM). The prevalence of 13-lactamase production was found to be 26% with no regional variation. MICs determined with LHB tended to be higher than those with HTM, but interpretive errors due to these differences were observed only rarely with trimethoprim-sulfamethoxazole (n = 5), cefaclor (n = 8), and cefamandole (n = 3). The interobserver variability in MIC determinations was found to be greater when LHB was used than when HTM was used.
(BBL Microbiology Systems, Cockeysville, Md.) and haemophilus test medium (HTM) . The prevalence of 13-lactamase production was found to be 26% with no regional variation. MICs determined with LHB tended to be higher than those with HTM, but interpretive errors due to these differences were observed only rarely with trimethoprim-sulfamethoxazole (n = 5), cefaclor (n = 8), and cefamandole (n = 3). The interobserver variability in MIC determinations was found to be greater when LHB was used than when HTM was used.
There was no difference in intraobserver variability between the two medium formulations. 1-Lactamasepositive isolates developed false resistance to amoxicillin-clavulanate 2 weeks after microdilution panels of both types of medium were stored at -20°C but not when panels were stored at -70°C. In conclusion, this study supports the use of HTM rather than LHB for sensitivity testing of H. influenzae because of its lower rate of interobserver variability and its ability to support the growth of these organisms, which is comparable to that of LHB.
Haemophilus influenzae is an important pathogen in upper and lower respiratory tract infections, meningitis, and septicemia (21, 35) . Increased antimicrobial resistance has necessitated the use of growth-based susceptibility testing (5, 7, 13, 32) . Since conventional media do not support the growth of Haemophilus spp., accepted standard susceptibility test media cannot be used. As a result, more than 30 different agar and broth formulations have been evaluated (3) . Prior to 1990, the National Committee for Clinical Laboratory Standards (NCCLS) recommended the use of cation-supplemented Mueller-Hinton broth with 3% lysed horse blood (LHB) (27). LHB, although it provides the necessary growth requirements, is opaque and therefore difficult to read, antagonistic to certain antimicrobial agents, and not available commercially. Because of these inherent problems, the M7-A2 NCCLS guidelines (28) have recommended the use of haemophilus test medium (HTM) (17) . HTM is optically clear and nonantagonistic, and it can be used in both broth and agar formulations (17) . However, there have been very few studies evaluating the use of HTM (9, 16, 24, 25) . We therefore conducted a study to compare in vitro susceptibility testing of H. influenzae in HTM with that in LHB. The reproducibility with which MIC determinations were made with both media was also determined. In addition, because a previous study had suggested that amoxicillin-clavulanate may be unstable in HTM (34), we evaluated the stability of this antimicrobial agent in both HTM and LHB.
MATERIALS AND METHODS
In vitro susceptibility testing. A total of 702 hI. influenzae strains isolated from community-acquired infections from eight centers across Canada were used in this study. Isolates were identified as H. influenzae by standard methodology (18) . Isolates were frozen at -70°C in buffered glycerol and subcultured twice prior to susceptibility testing. Subcultures were performed with chocolate agar plates (Difco, Detroit, Mich.) and incubated at 370C in 5% CO2 for 16 to 18 h. I-Lactamase production was detected with a nitrocefinimpregnated disk (Cefinase; BBL Microbiology Systems, (28). Growth from a 16-to 18-h culture was suspended in 3 ml of Mueller-Hinton broth and diluted to match the turbidity of a 0.5 McFarland standard with a turbidimeter (A-Just; Abbott Diagnostics, Abbott Park, Ill.). Inocula were further diluted and added to the microdilution trays to achieve a final inoculum of 5 x 105 CFU/ml. Panels of both types were inoculated with the same 0.5 McFarland standard for each organism. After the panel was inoculated, a 10-,ul sample was removed from the growth control well and diluted 1:500 with Mueller-Hinton broth. An aliquot of 100 ,ul of the diluted suspension was inoculated onto a chocolate agar plate and, after an overnight incubation, a colony count was performed (2) . H. influenzae MICs were determined after incubation at 35°C for 24 h for LHB and 20 to 24 h for HTM.
H. influenzae ATCC 49247 was used as a control organism for susceptibility testing.
A very major error occurred when a strain was found to be resistant by HTM but susceptible by LHB. A major error occurred when a strain was found to be susceptible by HTM but determined to be resistant by LHB. All other discrepancies in interpretation were called minor errors.
Reproducibility of MIC determination. All technologists reviewed the guidelines set by the NCCLS for the reading and interpretation of MICs in broth microdilution panels prior to testing (28). All panels were coded so that the technologists were blind to strain identities. Interobserver variability was determined by having five technologists each read 20 different panels of LHB and 5 different panels of HTM. Each MIC determination for each antimicrobial agent in each panel was compared with MIC determinations carried out in a single-blinded fashion by the four other technologists. Intraobserver variability was determined by having three technologists read five different microdilution panels of each medium in duplicate. Each MIC determination for each panel was compared with the second reading by the same technologist, and the difference between the two readings was determined.
Each paired comparison was assessed and graded as to the difference (in number of wells) between the two determinations. Differences were categorized as insignificant or significant. Insignificant errors were those in which the difference between two MIC determinations was <3 dilutions; significant errors were those in which the difference between the two MIC determinations was .3 dilutions. A significant error was defined as a >3-dilution difference because a difference of + 1 dilution, which encompasses a 2-dilution range, is considered an acceptable difference (28). Paired comparisons in which the difference could not be categorized because one or both of the MICs were out of the range of the dilutions tested were excluded. The proportions of significant errors for each antibiotic were then compared by using the Fisher exact test or the Yates corrected chi-square test (11) . An overall comparison of the two media was carried out by using a Mantel-Haenszel analysis considering each antimicrobial agent as one stratum (22) .
Clavulanic acid stability. The stability of clavulanic acid was assessed by determining the in vitro susceptibilities of 10 isolates of H. influenzae to amoxicillin-clavulanic acid at weekly intervals for 8 weeks. Of the 10 isolates, 5 were ,3-lactamase producers, including H. influenzae ATCC 35056, 4 were non-,-lactamase producers, including H. influenzae ATCC 10211, and one was ampicillin-resistant, ,B-lactamase-negative H. influenzae ATCC 49247. All isolates were tested with both panels stored at either -20°C or -70°C at weekly intervals for the test period.
RESULTS
In vitro susceptibility testing. The 702 strains of H. influenzae were community-acquired isolates from eye (n, 357), sputum (n, 205), sterile sites (n, 58), and other sites (n, 82). A total of 182 (26%) of the 702 strains were determined to be 1-lactamase positive. The prevalence of f-lactamase production did not vary significantly from region to region.
All 702 isolates of H. influenzae were tested with both HTM and LHB. Initially, 27 (3.9%) of the 702 isolates failed to grow in HTM; however, 24 of these grew upon repeated testing. Five (0.7%) of the 702 isolates failed to grow initially in LHB; however, 4 out of these 5 isolates grew upon repeated testing. There were no isolates that failed to grow in both medium formulations. The four isolates that failed to grow in either HTM (3) or LHB (1) did not demonstrate CO2 dependency and were excluded from further study, so that 698 isolates were included in the medium comparison. When the inoculum density was estimated by performing colony counts, the inoculum was found to vary between 2 x 105 and 18 x 105 CFU/ml.
Of the 516 P-lactamase-negative isolates, 3 (0.6%) were found to be resistant to ampicillin, with MICs of 2.0 ,ug/ml in HTM and 4.0 ,ug/ml in LHB ( Table 1) . None of the P-lactamase-negative isolates, including the 3-lactamase-negative, ampicillin-resistant isolates, were resistant to the cephalosporins tested. The variation between the MICs determined with LHB and those determined with HTM for these isolates is presented in Table 2 . Minor errors were found with only four antimicrobial agents: ampicillin (n, 2), cefaclor (n, 13), trimethoprim-sulfamethoxazole (n, 11), and erythromycin (n, 40). Very major errors existed only for trimethoprimsulfamethoxazole (n, 5).
The MICs determined for the 182 ,B-lactamase-producing H. influenzae strains are also shown in Table 1 . For ,-lactamase-positive strains, there were 3 mnajor errors (all with cefaclor), and 11 minor errors (8 with cefaclor and 3 with cefamandole). The variation between MICs determined with LHB and those determined with HTM is presented in Table  2 .
Clavulanic acid stability. All of the P-lactamase-negative, ampicillin-sensitive isolates remained sensitive to amoxicillin-clavulanic acid when both types of medium were stored at either -20°C or -70°C. H. influenzae ATCC 49247 did have a MIC to amoxicillin-clavulanate in the resistant range (>8 ,ug/ml) during the test period, but all MICs remained within the acceptable quality control range (2 to 16 ,ug/ml).
Three ,B-lactamase-positive isolates showed resistance to amoxicillin-clavulanic acid at 2 weeks, and five showed resistance by week 4 when both panels containing HTM and those containing LHB were stored at -20°C. All isolates tested from panels that had been stored at -70°C remained susceptible.
Reproducibility of MIC determinations. Table 3 shows the results of interobserver variability by presenting the occurrence of significant errors as a percentage of the total number of paired comparisons. There was a higher number of significant errors with LHB for four of the five antimicrobial agents evaluated. The Mantel-Haenszel weighted relative risk for significant errors with LHB compared with HTM was 2.11 (95% confidence limits, 1.37 to 3.25).
In determining intraobserver variability, we found that the number of significant errors that occurred was not different for the two media. One reader made two significant errors with panels containing HTM. A different reader made five significant errors with panels containing LHB.
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DISCUSSION
Prior to 1970, H. influenzae was universally susceptible to ampicillin, tetracycline, and chloramphenicol (30) . In 1972, ampicillin resistance due to ,-lactamase production was first reported (12) . Since then, surveys of H. influenzae have also reported resistance to chloramphenicol, tetracycline, trimethoprim-sulfamethoxazole, erythromycin, cefaclor, and rifampin (4, 5, 7, 20, 36) . Ampicillin-resistant, P-lactamasenegative isolates have also been documented (23) . Although rapid tests for ,B-lactamase and chloramphenicol acetyltransferase detect resistance to ampicillin due to 3-lactamase production and to chloramphenicol (1, 12) , growth-based susceptibility testing is necessary to detect ampicillin-resistant, 3-lactamase-negative isolates and isolates resistant to other antimicrobial agents (15) . The 26% prevalence of P-lactamase-producing H. influenzae isolates found in this study is similar to that reported in other studies in Canada (17%) (4) and in the United States (20%) (8) but higher than that reported in Europe (10%) (20) . A survey of H. influenzae isolates from nonhospitalized patients in Ontario, Canada; New York; and Pennsylvania found a prevalence of ,-lactamase production of 24% (14) . The prevalence of ampicillin-resistant, P-lactamase-negative strains determined in this study (<0.1%) was much lower than that determined by Bergeron (3) in 1987 (2.6%) but similar to that found by Doern et al. (7) in 1986 (0.1%).
The methodology for the in vitro susceptibility testing of H. influenzae remains controversial (30) . Standard conditions which have been developed for other microorganisms cannot be used because of the fastidious growth requirements of Haemophilus spp. In vitro susceptibility studies using different media, inocula, and incubation atmospheres have all demonstrated variable activities for the same antimicrobial agent, since all of these factors may influence results. The previously recommended formulation for susceptibility testing of H. influenzae was LHB. This medium is opaque and antagonistic to certain drugs, and it lacks consistency and may not be available commercially. It was hoped that the adoption of HTM by the NCCLS would resolve these difficulties.
In this study, the potential variation between HTM and LHB was minimized by deriving the panels from the same antimicrobial stock solutions and inoculating both panels with the same suspension of organisms. Although most organisms grew well in both media, some isolates failed to grow initially. Much anecdotal evidence that HTM may not reliably and reproducibly support the growth of all strains of H. influenzae exists (6) . The occurrence of poor growth or actual growth failures with HTM may be due to different lots of Mueller-Hinton base (26) or an erratic V-factor inhibitor (3). More likely, inadequate growth may be due to the X-factor content of the medium, since hematin, or X factor, (6) 45 (25) 64 (35) 37 (20) 12 (7) 7 (4) Neg 0 (0) 0 (0) 31 (6) 325 (63) 155 (30) (2) 22 (12) 89 (49) 51 (28) 17 (9) 0 (0) Neg 0 (0) 0 (0) 67 (13) 243 (47) 175 (34) 31 (6) is poorly soluble and extremely unstable, and there are isolates of H. influenzae with high growth requirements for X factor (6) . However, none of the above reasons can fully explain our findings, since most isolates that didn't grow initially did grow when they were retested on the same lot of microtiter plates. New NCCLS guidelines (M100-S3) (29) have recommended the use of two additional American Type Culture Collection strains of H. influenzae for the testing of HTM. One of these, H. influenzae ATCC 10211, which has a high growth requirement for hematin, has been recom- mended as a control strain to verify the growth-promotional properties of HTM. MICs determined with LHB were found to be slightly higher than the respective MICs determined with HTM. This may be explained by the fact that LHB is nutritionally very rich, whereas HTM supplies only the basic requirements necessary for the growth of Haemophilus spp. The major errors found when trimethoprim-sulfamethoxazole was tested are not unexpected, because of the inherent difficulties in performing trimethoprim-sulfamethoxazole MIC determinations with blood containing media (31) .
There are multiple problems that exist in testing and interpreting results for erythromycin (2). Barry et al. (2) found that, by the current NCCLS M7-A2 guidelines, strains found to be resistant in LHB were mostly moderately susceptible in HTM. This lack of correlation between HTM
and LHB when macrolides were tested was also found in this study. Until this issue is resolved, it has been suggested that erythromycin should not be tested against H. influenzae in the routine laboratory (25) . The major errors encountered with cefaclor and cefamandole may be due to inoculum variation, since both of these antimicrobial agents are known to be sensitive to small variances in inoculum (30) . Ideally, the inoculum should vary only within one-half log concentration of the target concentration. Therefore, if the desired final concentration is 105 and 10 x 105 CFU/ml. However, many authors have found when testing H. influenzae that there is a wide range of colony counts when a turbidity standard equivalent to a 0.5 McFarland is used. Lapoint and Lavellee (19) found that, despite their use of a turbidometer, 72% of the colony counts were > 108 CFU/ml. Barry et al. (2) and Fernandez et al. (10) also found this in their studies.
In determining interobserver variability, it was found that significant errors in MIC determinations occurred more frequently with LHB than with HTM. The transparency of HTM simplifies endpoint determination. It is, however, important to note that significant errors did occur with both types of medium, with all antibiotics, and with all five technologists. NCCLS M7-A2 guidelines state that when broth microdilution panels are stored, the user should store them in a frozen state (preferably at -60 or -70°C) and thaw them as needed (28). In this study, it was found that any period of storage longer than 2 weeks at -20°C of HTM or LHB panels containing amoxicillin-clavulanate would result in the appearance of false resistance in 3-lactamase-producing strains of H. influenzae. This artifact would not be detected by the control strain, H. influenzae ATCC 49247, since it is an ampicillin-resistant, ,B-lactamase-negative strain and is therefore unaffected by the j3-lactamase inhibitor clavulanic acid. We propose that the NCCLS guidelines be amended to contain the provision that broth microdilution panels containing amoxicillin-clavulanate should be stored only at -70°C. However, if this presents a problem to those laboratories without the appropriate freezers, a ,-lactamasepositive control organism should be included to detect such false resistance.
